from 45 to 49 years, and infant mortality fell 30 percent, from 133 per thousand births to 93 per thousand births (World Bank, 2001b ). (Unfortunately, since then, life expectancy in sub-Saharan Africa has fallen due to the AIDS pandemic.) Indeed, analysis of worldwide health trends in the twentieth century has found that most improvements resulted from technological advances rather than from income growth. Using the cross-sectional relationship between income and life expectancy, Preston (1975) estimated that income growth accounted for only 10 to 25 percent of the growth in world life expectancy between the 1930s and 1960s and suggested that the diffusion of technological advances was a major factor for the increase in life expectancy at any given income level. Jamison et al. (2001) attribute 74 percent of the decline in infant mortality rates over the period from 1962 to 1987 to technical progress, 21 percent to greater education and only about 5 percent to income growth.
While other technological improvements-such as the development of oral rehydration therapy against diarrhea and the use of radios in public health campaigns-may have played a role in improving health, the development and dissemination of pharmaceuticals has played a key role. To take one example, about three-quarters of the world's children receive a standard package of cheap, offpatent vaccines through the World Health Organization's ( W O ) Expanded Program on Immunization, and these vaccines are estimated to save 3 million lives per year (Kim-Farley, 1992 ). Though vaccination rates are uneven around the world, the World Bank (2001b) estimates that 70 percent of infants in low-income countries received the three-dose DTP (diphtheria, tetanus and pertussis) vaccine over the period from 1995 through 1999.
Yet many people in developing countries who could benefit from pharmaceuticals do not receive them. The failure of antiretroviral therapy to reach more than a tiny fraction of people with AIDS in developing countries has attracted widespread publicity, but even medicines that are far cheaper and easier to deliver are not reaching many of the people who need them. More than a quarter of children worldwide and over half of children in some countries do not receive the vaccines that are part of MWO's Expanded Program on Immunization, although these cost only pennies per dose and require no diagnosis. Three million lives are lost annually as a result (World Bank, 2001a) . Only a small fraction of children in poor countries receive the newer hepatitis B and Haemophilus influenzae b (Hib) vaccines, which cost a dollar or two per dose. One in four people worldwide suffer from intestinal worms, although treatments only need to be taken once or twice per year, have virtually no side effects, and cost less than a dollar per year. These examples suggest that while intellectual property rights undoubtedly prevent some from obtaining needed pharmaceuticals, eliminating these rights would not help the majority of those without access to drugs.
b%ile developing countries have obtained substantial benefits from pharmaceuticals originally developed for rich country markets, little research is conducted on diseases that primarily affect poor countries, such as malaria or tuberculosis. Pecoul et al. (1999) report that of the 1,233 drugs licensed worldwide between 1975 and 1997, only 13 were for tropical diseases. Of these, five came from veterinary research, two were modifications of existing medicines, and two were produced for the U.S. military. Only four were developed by commercial pharmaceutical firms specifically for tropical diseases of humans. According to M . 3 1 0 (1996) , 50 percent of global health research and development in 1992 was undertaken by private industry, but less than 5 percent of that was spent on diseases specific to less developed countries. Even for diseases that affect both rich and poor countries, research tends to focus on products that are best suited for use in rich countries. For example, much research is conducted on sophisticated AIDS drugs that are useful in developed countries, but are too expensive and difficult to deliver to the majority of the population in the poorest countries. Much less research is conducted on vaccines, which are typically much more feasible to deliver than drugs in developing countries, since they often require only a few doses to deliver and can be delivered by personnel with limited medical training.
The controversy over intellectual property rights for pharmaceuticals and access to antiretro~iral therapies in developing countries has been the subject of much public debate recently. This article provides a broader context for the debate. It first reviews characteristics of the developing country market for pharmaceuticals, including small markets, distinct disease environments and weak health care and regulatory systems. It then outlines key market and government failures. Existing products are underused to the extent that patients do not take into account positive externalities from reducing the spread of communicable disease and that monopoly/oligopoly pricing of pharmaceuticals leads to prices greater than marginal cost; overused to the extent that patients do not take into account negative externalities from encouraging the development of drug-resistant strains; and underused, overused and misused due to asymmetric information between patients and providers and inefficient government health care delivery. R&D on new pharmaceuticals is undersupplied because competitive markets do not reward R&D expenditures and because governments face free-rider problems in supplying the global public good of R&D and have time-inconsistent preferences regarding rewarding firms for doing so.
Drawing on this background, the article then explores policy options for broadening access to pharmaceuticals and encouraging R&D on products needed in developing countries. In particular, it explores differential pricing; priorities for foreign assistance in health; the prospects for addressing pharmaceutical misuse by improving health care delivery systems; drug regulation; and the potential for rich countries or international organizations to encourage research and development on products needed by developing countries by committing to buy the products, once they are developed, and make them available to those who need them.
Characteristics of the Pharmaceutical Market in Developing Countries
The market for pharmaceuticals in developing countries differs in several ways from that in the developed world. 
Small Markets
The market for pharmaceuticals in the poorest countries is tiny. Connecticut spends more on health than the 38 low-income countries of sub-Saharan Africa combi~led (World Bank, 2001b; U.S. Census, 2000) . In 1998, U.S. public and private health spending constituted 13 percent of its almost $32,000 per capita income, for a total of more than $4,000 per person. In contrast, low-income sub-Saharan African nations spent only 6 percent of their average $300 per capita GDP on health, or around $18 per person (World Bank, 2001b) , though developing countries spend a higher percentage of their health budgets on pharmaceuticals than do developed countries. Drug developers often do not even bother to take out patents in small, poor countries (Attaran and Gillespie-White, 2001 ).
Middle-income country markets are small, but comprise a significant and growing source of revenue for pharmaceutical firms. The Pharmaceutical Research and Manufacturers of America ( P h W ) estimate that while only 1percent of their market is in Africa, including middle-income countries such as South Africa, 7 percent is in Southeast Asia and China, and 7.5 percent is in Latin America (PhRMA, 2000) , as shown in Table 1 .
Different Disease Environment
Developing countries face a significantly different disease environment than developed countries due to both their poverty and their geography. The burden of different diseases can be compared across countries using the concept of Disability Adjusted Life Years (Murray and Lopez, 1996) . DALYs take into account not only the lives lost through disease, but also the number of years of disability caused. World Health Organization (2001) estimates imply that infectious and parasitic diseases account for one-third of the disease burden in low-income countries (in fact, for nearly half of Africa's disease burden), but only 3 percent of the burden in high-income countries, as seen in burden in high-income countries mainly consists of noncommunicable conditions like cancer and cardiovascular disease. Table 3 lists specific diseases for which more than 99 percent of the burden falls in low-and middle-income countries, which include malaria, schistosomiasis and leprosy (Lanjouw and Cockburn, 2001 ).
However, many diseases affect both developed and developing countries. For instance, cancer and heart disease account for 15 percent of the total disease burden even in low-and middle-income countries (Lanjouw, 2001) . Moreover, the disease environment in developing countries is projected to become substantially more like that in developed countries over the next 20 years (MWO, 2000) .
Weak Health Care Systems and Misuse of Pharmaceuticals
Misuse of pharmaceuticals is a significant problem in developed countries, but it is a much greater problem in many developing countries, where health care systems are often weak and qualified medical personnel are scarce. M'hereas the United States has 2.7 trained physicians per thousand people and Europe has 3.9, sub-Saharan Africa has only 0.1 physicians per thousand people (World Bank, 2001b) . In some low-income countries, medical personnel assigned to public clinics often do not show up, particularly in rural areas. Moreover, clinics in developing countries often lack drugs because salaries of health care workers take priority in budget allocations and because drug procurement and distribution is inefficient or corrupt.') hlany patients therefore rely on the private health care system, but private practitioiiers are often untrained (Das, 2000) . Medical personnel often prescribe inappropriate pharn~aceuticals, in part to demonstrate effort to the patient. For instance, in Africa, injectioiis are often giren rather than pills, as inany patients see these as more powerful. In a detailed study of medication in India, Phadke (1998) categorized inore than 50 percent of all drugs prescribed as "unnecessary" or "contra-indicated," although some of these judgineiits are subjective.
hloreover, while self-prescription is not uncommon in the west, it is extremely coininon in the poorest countries, where rules requiring prescriptions for pharmaceutical purchases are typically not enforced, perhaps in part because of the shortage of trained physicians (Kamat and Nichter, 1998) . Many patients purchase and consume only an incomplete course of medication, especially when syinptoins subside after a partial course (Nichter and Nichter, 1996) . Drug overuse and misuse speeds the development of drug-resistant forms of diseases because the inost resistant parasites are iiot eliminated, aiid these resistant parasites are then transmitted to others. For example, chloroquine was once highly effective for preventing aiid treating malaria, but strains of chloroquine-resistant malaria have emerged in inost parts of the world (NIH, 2000) . Strains of multidrug-resistant tuberculosis have also emerged over the last decade (NIH, 2000) , and the development of resistance to the remaining tuberculosis drugs would pose a severe threat not only to developing countries but also to developed ones.
Pharmaceutical Regulation
Developing countries often simply follow the approval decisions of developed countries rather than conducting their own risk-benefit calculations. Mhile this 'See Dl Tella and Schargrodsk~ (2001) on purchases b~ public hospitals in Argentina practice may be appropriate in some cases, it may also block the adoption of needed drugs and vaccines. For example, rotavirus kills three-quarters of a million children each year in developing countries, but it is a minor health nuisance in the United States, causing more than three million cases of childhood diarrhea each year, but few deaths (CVI, 1999; Murphy et al., 2001a ). An oral rotavirus vaccine received regulatory approval in the United States and was introduced into the U.S. market in 1998. A few months later, it was withdrawn following evidence that it can cause intususception, a form of intestinal obstruction. Because children in developing countries would have had much greater exposure to disease prior to inoculation, it is not clear that the risk of intususception would be as significant in developing countries. Moreover, even if the risk of intususception were similar, the risk-benefit calculation in countries with high rotavirus mortality would likely ovenvhelmingly favor vaccine use. The investigators who recommended removing the vaccine from the U.S. market therefore advocated conducting a risk-benefit analysis for the rota~irus vaccine in the developing world (Murphy et al., 2001b) .
Yet no such testing and analysis is taking place. There is little hope for profit from selling rotavirus vaccine in the poorest countries, and neither the vaccine developer nor health authorities in developing countries have much incentive to take on the risk of being attacked by activists for conducting trials of a vaccine that is not deemed safe for use in more developed countries. Top-level political leadership from the World Health Organization (M.310) or UNICEF potentially could have provided industry aiid national authorities with political cover against this risk, perhaps making it feasible for the vaccine developer to give the rights to a noiiprofit organizatioii that could conduct testing, but this leadership was not forthcoming.
While following drug approval decisions in the developed couiitries may sometimes prevent approval of useful drugs, developing countries that depart from this practice can encounter other problems. For instance, the South African government has discouraged the widespread use of Nevirapine, which prevents mother-to-child transmission of AIDS and is an extremely cost-effective intei-vention, in part because President Mbeki gave credence to discredited scientific theories that HE' does not cause AIDS and that Nevirapine is toxic. (The South African government recently lost a lawsuit that may force the government to allow Ne~irapine to be distributed widely, and as of this writing, it appears that the government has conceded and will eventually support the widespread use of Ne~irapine.) Kenya and South Africa also each backed several domestically developed but ineffective AIDS drugs. None of these quack remedies provided a cure for AIDS, but they were promoted in part for nationalistic reasons.
Industry Factors
Some of the characteristics of the pharinaceutical industry that differentiate it from other industries are particularly relevant for developing countries. First, the pharmaceutical industry has high fixed R&D costs and low marginal costs of production. Second, the industry is exceptional in that patents rather than first-mover advantages or other sources of monopoly power provide the key protection for innovators. Third, pharmaceutical regulation aiid prescription requirements in developed countries facilitate price discrimination across countries by making resale across national borders easier to block. As a result, price differentials between countries are often large.
The chief constraint on further price discrimination is the potential for a political backlash in higher-price markets. Selling pharmaceuticals cheaply in developing couiitries reveals an upper bound on the marginal cost of production, and developed country politicians and activists may be able to use this information to strengthen their appeals for lower prices. For example, when President C1' inton A aniiounced his childhood immuiiization initiative in 1993, he said, "I cannot believe that anyone seriously believes that America should manufacture vaccines for the world, sell them cheaper in foreign countries, and immunize fewer kids as a percentage of the populatioii than any nation in this hemisphere but Bolivia aiid Haiti" (Mitchell et al., 1993) . After a 1982 Congressional hearing in which U.S. Senator Paula Hawkins asked a major vaccine manufacturer how it could justify charging nearly three times as much to the U.S. government for vaccines as to foreign countries, U.S. inaiiufacturers stopped subinittiiig bids to UNICEF to supply vaccines (Mitchell et al., 1993) .
Limited Intellectual Property Rights
Many developing countries have historically provided little or no intellectual property rights protecrion for pharmaceuticals. India, for example, offers patents on pharmaceutical processes but iiot on products and has developed a large industry that reverse engineers existing drugs. Developed countries, the United States in particular, have pressed developing countries to strengthen protection of iiitellectual property rights by linking the issue to trade negotiations. The 1994 Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) required the least developed couiitries to join the rest of \$TO member countries in providing 20-year patent protection for pharmaceuticals by 2006 (MTO, 2001a .
However, it is unclear what impact TRIPS will ultimately have on intellectual property rights in developing countries. Several provisions of the agreement provide potential escape hatches. For instance, countries can impose compulsory licensing in national emergencies, the definition of which is deliberately not set out (MTO, 2001a) . Countries are still free to impose price controls as well (though firms, of course, are not required to sell to countries with price controls). Moreover, the public storm over pricing of AIDS drugs led MTO negotiators to extend the transition period for instituting patent protection for pharmaceuticals in the least developed countries to 2016 (UTO, 2001b), and it seems possible the deadline could be extended further. Finally, enforcement of TlTO provisions relies on countries bringing suits, but as a result of the public outcry, the United States dropped its dispute with South Africa over the country's imports of pharmaceutical products from countries with weaker patent laws and abandoned its dispute with Brazil over generic manufacturing of drugs that are still under patent. It is not clear whether the WTO will lead to effective intellectual property rights enforcement in developing countries.
Market Failures, Government Failures and Policy Implications
Clearly, the pharmaceutical market in developing countries is rife with market and government failures. Pharmaceutical use is sometimes suboptimal due to pricing above marginal cost and positive treatment externalities for infectious diseases; sometimes too great due to the failure of consumers to take into account externalities from drug resistance; and sometimes simply inappropriate due to information asymmetries between health care providers and their patients. Drug procurement is often inefficient and corrupt, and inappropriate regulation can hinder access. In addition, health care workers are politically powerful relative to patients.
However, the most severe distortions in developing country pharmaceutical markets probably involve dynamic issues. Pharmaceutical firms are reluctant to invest in R&D on the diseases that primarily affect developing countries not only because the poverty of the potential users reduces their willingness to pay, but also because the potential revenue from product sales is far smaller than the sum of customers' potential willingness to pay due to the lack of intellectual property protection and the tendency for governments to force prices down after firms have sunk their research and development costs. The underpro\ision of R&D on problems facing the poor, even relative to their incomes, implies that a redirection of foreign assistance from private goods, such as food, or even public goods, such as roads, to the international public good of R&D on health problems of the poor could make the poor better-off.
One reason why governments provide suboptimal R&D incentives is that pharmaceutical research and development is a global public good, so each country has an incentive to free ride on research financed by the governments of other countries or induced by their intellectual property rights protection. This is a general problem faced by all countries, not just developing ones. Indeed, the mystery is not why developing countries have historically offered little protection for intellectual property rights, but why small developed countries offer so much. A second reason for suboptimal R&D incentives is that the high fixed costs of R&D and low marginal costs of production for pharmaceuticals create a time-inconsistency problem for governments. Once products have been developed, governments have an incentive to set prices at or near marginal cost. Products are then consumed at the efficient level, and surplus is transferred from (typically foreign) producers to consumers. Governments are in a strong bargaining position because they are major pharmaceutical purchasers, they regulate products and often prices, and they are arbiters of intellectual property rights. However, if pharmaceutical firms anticipate low prices, they will be reluctant to invest. In a repeated game between nations and pharmaceutical producers, this time-inconsistency problem could potentially be overcome through reputation formation. Indeed, one reason why developed countries are developed may be that these countries were able to establish good reputational equilibria in a variety of areas, including research incentives. Developed countries typically have more stable governments that are more likely to invest in reputation formation for the long run.
Whatever the underlying causes, intellectual property rights for pharmaceuticals in developing countries are weak, and hence the private returns for developing products to fight diseases of developing countries are likely to be a tiny fraction of the social returns to these products. For example, consider a hypothetical future malaria vaccine. A standard way to assess the cost-effectiveness of a health intervention is the cost per Disability Adjusted Life Year saved. A common costeffectiveness threshold for health interventions in the poorest countries is $100 per D M . For comparison, health interventions are considered cost-effective in the United States at up to 500 to 1000 times this amount: $50,000-$100,000 per year of life saved (Neumann et al., 2000) . At a threshold of $100 per D M , a malaria vaccine would be cost-effective even at a price of $40 per immunized person (Glennerster and Kremer, 2001 ), but based on the historical record of vaccine prices, the developer of a malaria vaccine would be lucky to receive payments of one-tenth or one-twentieth of that amount. Of course, a full comparison of the social and private values of a vaccine would also take into account the positive and negative externalities that vaccine development would create for other researchers.
The rest of this article considers a number of public policy issues regarding the availability and use of pharmaceuticals in developing countries from the standpoint of these market and government failures: differential pricing, foreign assistance for health, misuse of pharmaceuticals, drug regulation and procurement and ways of encouraging R&D on products needed by developing countries.
Differential Pricing
Noneconomists often resent price discrimination, but it can improve both access and R&D incentives. Price discrimination allows those who value the product at more than the marginal cost of production to obtain it, so the product reaches more people than under a single worldwide monopoly price. It also allows firms to capture closer to the full social surplus of their products, thus providing them with a greater incentive for product development.
Since the chief constraint on further price discrimination is the fear of undermining prices in developed and middle-income countries, public acknowledgements by politicians in developed countries that different prices are appropriate for different countries could potentially make pharmaceutical firms more willing to risk lowering prices in developing countries. Rich country governments could also facilitate price discrimination by prohibiting imports of pharmaceutical products from countries with weaker patent laws. Individual rich countries can gain by taking advantage of lower-priced imports, but the developed world as a whole is unlikely to benefit, because if developed countries began importing drugs from developing countries on a wider scale, pharmaceutical firms would simply charge higher prices in developing countries, and their incentives to conduct R&D would be curbed by the smaller total market available to them with lower sales. There is therefore a justification for international agreements to limit such imports since they create negative externalities for other countries. Poor country governments can facilitate price discrimination by taking steps to prevent re-export of pharmaceuticals to rich countries.
However, given that markets in the poorest countries are so small, profitmaximizing prices in poor countries are likely to be substantially above marginal cost if selling at a lower price in these countries has any appreciable effect on prices in rich or even middle-income country markets. Indeed, prices in at least some markets will remain substantially above marginal cost even if governments adopt policies to encourage price discrimination further. Hence, many have called not just for differential pricing in poor countries, but also for using compulsory licensing of patents and/or the threat of compulsory licensing to lower prices closer to marginal cost in poor countries. One potential objection to compulsory licensing is that it could reduce R&D incentives. If restrictions on intellectual property rights were limited to the poorest countries, the impact on research incentives would be minimal for most diseases, but for diseases that primarily affect poor countries, R&D incentives may be affected. Indeed, Lanjouw and Cockburn (2001) find some evidence of a limited reallocation of funds toward malaria research with the introduction of intellectual property concerns into the GATT in the 1990s and the consequent move toward strengthening intellectual property rights protection for pharmaceuticals in developing countries.
Lanjouw (2001) proposes limiting the extension of patent protection in poor countries for pharmaceuticals for global diseases, while allowing patent protection in these countries to increase, as envisaged by the 1994 Agreement on TradeRelated Aspects of Intellectual Property Rights (TRIPS), on products for diseases that predominately affect the poor. Under her proposal, pharmaceutical developers would effectively have to choose patent protection in either rich or poor countries for a designated list of global diseases, such as cancer. Because developing countries contribute little to the profits firms can realize from pharmaceuticals for global diseases, patent applicants would choose protection in developed countries. Differential patent protection would facilitate beneficial differential pricing. If a firm sold a product for a global disease in a developing country at a high price, other firms could enter the market. (This is essentially equivalent to allowing compulsory licensing for global diseases.) Lanjouw's (2001) proposal would be fairly close to returning to a pre-TRIPS patent regime for global diseases, but would preserve the limited existing incentives to develop products primarily needed in developing countries, such as a malaria vaccine, because it preserves intellectual property protections in those cases. Moreover, the proposal is robust to errors in the list of global diseases. For example, if all forms of cancer were designated as global diseases, but a form of cancer specific to Africa was later identified, the developer of a drug against this form of cancer could choose patent protection in developing countries. However, since incentives for R&D on diseases of developing countries are inadequate, new ways of providing incentives for R&D on these products would still be needed.
A potentially difficult problem with limiting intellectual property rights in the poorest countries is the political effects on prices in the middle-and high-income countries. If sanctioning weak or no intellectual property rights in the poorest countries weakened political support for intellectual property rights in richer countries or put pressure on prices there, it could have a significant impact on research incentives for global diseases. If India has limited intellectual property rights, Brazil may not be inclined to provide intellectual property rights either; and if antiretro~iral drugs cost $500 per year in Brazil, European governments may lower the prices they pay for the drugs, and U.S. AIDS activists may object to paying $10,000 per year. Moreover, the existence of different intellectual property rights rules in different countries may undermine attempts to cast intellectual property rights protection as a natural, self-evident right rather than as an institution justified by its instrumental value. Of course, it is difficult to predict the political links between pricing in low-, middle-and high-income countries, but the fact that pharmaceutical firms pressed for the TRIPS agreement suggests that they think these links could be significant. If this channel is indeed important, weak intellectual property rights in poor countries could limit R&D incentives.
It may therefore be worth considering an alternative approach in which firms simply donate products to the poorest countries rather than charging the manufacturing cost. This could bolster firms' reputations, rather than posing a public relations challenge in maintaining prices in developed countries. In fact, in the fight over pricing AIDS drugs, antiretro~iral producers sought to donate their AIDS drugs in Africa, but activists insisted on countries paying for the drugs at low prices, believing that firms would not continue the donations once the political heat was off.
To give firms an incentive to continue donating their products, developed country governments could provide enhanced tax deductions to pharmaceutical firms that make approved donations of drugs or vaccines for use in developing countries. The U.S. government currently provides a tax deduction for donations, but it is based on the product's manufacturing cost, which is often very low. An enhanced tax deduction or credit could be based on some fraction of a product's U.S. price or on an estimate of the social benefit of the product, perhaps measured in dollars per Disability Adjusted Life Years saved. Such a provision would have to be limited to appropriate donations, requested by approved organizations and shown to be reaching those who need them, or else firms could profit by donating unneeded products with low production costs. This approach would provide the benefits of price discrimination without jeopardizing either research incentives or the principle of intellectual property rights.
Priorities for Foreign Assistance in Health
The World Health Organization's Commission on Macroeconomics and Health (CMH), chaired by economist Jeffrey Sachs, has called for developed countries to increase assistance for health in the developing world by $27 billion annually by 2007 and $38 billion annually by 2015 (CMH, 2001) . A significant share of this would be for pharmaceuticals, including antiretroviral treatments for AIDS.
The Commission report argues that these investments in health will pay for themselves six times over through higher productivity and increased earnings (CMH, 2001 ). However, evidence on the magnitude of the economic impact of health gains is patchy. Extravagant claims based on cross-country regressions should be taken with a grain of salt in light of the poor economic performance of Africa from the 1960s through the 1990s, despite the substantial technology-driven improvements in health over the period, and by the more recent stellar growth performance of Uganda, one of the countries earliest and hardest hit by AIDS morbidity and mortality. In my view, a stronger case for health spending rests on its effect on welfare rather than measured GDP. Indeed, the 13 percent decline in official GDP in the low-income countries of sub-Saharan Africa from 1972 to 1992 while life expectancy increased by nearly 10 percent and infant mortality fell 30 percent suggests that measured GDP can in some cases be a poor guide to welfare. A version of GDP that was corrected to measure improvements in the productivity of health senices over this period would probably not have declined over the period.
Economists have advocated two main approaches for determining priorities for the limited foreign assistance that is likely to be forthcoming for health from the developed world. Some argue that the interventions that save the greatest number of lives at the least cost should be prioritized, using cost per Disability Adjusted Life Years saved as a guideline. Others argue that outside assistance should concentrate on addressing market failures, for example by funding public goods. However, the debate between advocates of the cost-effectiveness and market failure approaches may be overblown. To the extent that analysts estimate DALYs correctly and consumers value DALYs incurred by different diseases equally (rather than being willing to pay more to avoid deaths from airplane crashes than automobile accidents, for example), the two approaches should yield broadly similar results. Indeed, they do point to similar health priorities. For example, the WHO Expanded Program on Immunization is extremely cost-effective, at only around $20 to $40 per DALY saved, in part because vaccination creates positive externalities by preventing the spread of disease. Treatments for some infectious diseases would likely be another priority under both approaches. For example, school-based mass treatment of intestinal worm infections would cost as little as $7 per DALY saved, and the externality benefits of such treatments can account for over 70 percent of the reduction in disease burden (Miguel and Kremer, 2002) . Some AIDS interventions are also very cost-effective. Ne~irapine is extremely cost-effective in preventing mother-to-child transmission of AIDS, at $5 to $20 per DALY saved (Marseille et al., 1999) , and a targeted AIDS prevention program in Tanzania costs an estimated $10 to $12 per DALY saved (World Bank, 1999) .
Given a fixed budget, helping extend the programs above to reach more people is likely to be a much higher priority than using antiretroviral drugs to treat HIV/AIDS. The well-known call by 133 Harvard faculty members for antiretroviral treatment in developing countries estimates that, even given the recent dramatic reductions in prices by pharmaceutical firms, purchasing and delivering antiretro~i r a l s will cost $1,100 per person per year (Adams et al., 2001) . This is in large part because the drugs are so difficult to deliver safely and effectively. Because the drugs cause significant side effects and must be taken according to a rigid schedule if they are to be effective and not lead to the spread of drug resistance, they require monitoring by medical personnel. Adherence to drug regimes is highly imperfect even in rich countries with good medical care (Ammassari et al. 2001; Brook et al., 2001; Nieuwkerk et al., 2001) . The statement by the 133 Harvard faculty members therefore advocates "directly observed therapy," wherein a community health worker visits each patient and observes him or her taking the antiretro~iral medication. It is worth noting, however, that recent randomized controlled trials find that direct observation is no more effective than self-administered treatment for tuberculosis (Walley et al., 2001) . But even setting this issue aside, many more lives could be saved with alternative interventions given the $1,100 per patient per year estimated cost of antiretroviral therapy. For instance, for every person treated for a year with antiretroviral therapy, 25 to 110 Disability Adjusted Life Years could be saved through targeted AIDS prevention efforts or vaccination against easily preventable diseases.
Advocates of antiretroviral drugs for HIV/AIDS often argue that treatment encourages prevention and slows transmission, since people do not have incentives to be tested unless treatment is available. However, the impact of antiretrovirals on the spread of the AIDS epidemic is unclear. Even if the availability of treatment encourages testing, knowledge of HIV status may not prevent the spread of the disease, since people who are infected may decide they have nothing left to lose. Moreover, while treatment with antiretro~iral therapy may lower viral loads and reduce transmission, it may also help HIV-infected people stay sexually active longer, contributing to the spread of the disease. Finally, the expectation of treatment could reduce incentives to adopt safer behaviors. While there is no clear theoretical presumption about the effect of subsidizing antiretro~iral therapies on the rate of transmission of HIV in low-income countries, there is at least some empirical evidence that the availability of treatment has led to a resurgence of risky behavior in the United States (Lehman et al., 2000) . There is also anecdotal evidence that risky sexual behavior increased in Kenya following fraudulent announcements of an AIDS cure (McGreal, 1996) . Some advocates of antiretroviral treatment argue that public campaigns to extend antiretroviral treatment will generate enough new aid that both antiretrovirals and other interventions can be funded. It is worth bearing in mind, however, that even if 90 percent of funds for antiretro~iral therapy were "new" foreign aid, and only 10 percent were diverted from vaccination efforts, more lives would be lost from reductions in vaccinations than would be gained through antiretroviral therapy. Calls for foreign assistance to provide antiretroviral therapy might thus stipulate that any available funds should be used in the way that saves the most lives, so that if only a small amount was provided, it would be used to cover low-cost interventions such as vaccinations, but that if a larger amount was made available, it could be used to cover antiretroviral therapy.
Since individual countries can potentially correct market failures within their borders, it may make sense to focus foreign assistance on the provision of global public goods. Key global public goods include slowing the development of drug resistance, creating knowledge on drug efficacy and safety, and, most important, R&D on new pharmaceuticals. Since the spread of a disease once it crosses national borders is determined primarily by conditions within the host nation, cross-border externalities from improved disease control are likely to be small, with the exception of diseases near eradication, such as smallpox in the 1970s and polio now.
Addressing Misuse of Pharmaceuticals
Since misuse of pharmaceuticals that facilitates the development of drug resistance creates negative externalities for the rest of the world, discouraging drug misuse is a global public good. However, the impact of pharmaceutical prices on externalities from drug resistance is ambiguous. Higher prices could reduce the number of people taking drugs and thus reduce the spread of drug resistance, but higher prices could also lead those people who do take the drug to take incomplete doses, promoting the spread of drug resistance. The latter effect may be particularly likely in developing countries, where pharmaceuticals are often taken with weak medical supervision. Conceivably, governments could require medicines to be packaged for sale only in complete courses and could penalize stores selling fractions of a course. However, shopkeepers in developing countries routinely sell individual units from packages, and monitoring this would be difficult. Another possibility would be to subsidize combination therapies that are less likely to induce drug resistance."
Improving the overall quality of medical care would also reduce the spread of drug resistance by helping to ensure that pharmaceuticals are used appropriately and that patients are encouraged to complete the course of treatment. Branding and franchising of medical practices and care facilities could potentially help address the problems of asymmetric information between patients and providers. Mission hospitals in Africa have managed to develop reputations for providing quality care, for example (Leonard, 2002) . Managing such branding efforts could be difficult, however, and the effectiveness of such efforts is uncertain. In some countries, the Internet might potentially play a role in facilitating the standardization of medical care. Clinic workers with only moderate levels of training could enter patient information, and programs on the Internet could offer possible 'For example, Mead Over has suggested that subsidizing combination therapies for AIDS might reduce the risk of drug resistance developing since while this practice would encourage greater use of multidrug therapv, it might discourage the use of monotherapies that are more prone to drug resistance. diagnoses for them to consider as well as advice on when referrals are needed. Such a system could complement the senices currently provided by health care workers and help to monitor whether local health care workers were showing up to work or were likely to be routinely mistreating patients. Efforts to experiment with such approaches deserve international support since they could potentially lead to innovations in health care delivery that would be beneficial across much of the developing world.
R&D on Needed Products
As discussed earlier, current incentives for the development of products needed primarily by developing countries are inadequate. Vaccines for malaria, tuberculosis and the strains of AIDS prevalent in Africa are a prime example. Programs to encourage R&D can take two broad forms. "Push" programs subsidize research inputs-for example, through grants to researchers or R&D tax credits. "Pull" programs reward research outputs, for example, by committing in advance to purchase a specified amount of a desired product at a specified price. Both approaches have important roles, but current policy underutilizes pull programs.
Push programs are subject to asymmetric information between researchers and program administrators and between these groups and politicians and the public, gi\ing rise to both moral hazard and adverse selection. Moral hazard arises because funders cannot perfectly monitor the actions of grant recipients, and grant recipients may have incentives to devote effort to pursuing general scientific research or preparing their next grant application rather than focusing on development of the desired product. In contrast, under a pull program, researchers will not receive payment unless a useable product is delivered, so researchers have incentives to focus on developing the desired product.
Adverse selection arises because researchers have more information than do funders about the probability that their research will lead to successful products. Research administrators and their ultimate employers-elected officials and the general public-may not be able to determine which research projects in response to certain diseases are worth pursuing, nor which diseases and products should be targeted. Decision makers may therefore wind up financing ideas with only a minute probability of success, or worse, failing to fund promising research because they do not have confidence that its backers are presenting objective information on its prospects. In contrast, under a pull program in which developers are rewarded only if they successfully produce the desired product, there is a strong incentive for firms considering research investments to assess the prospects for success realistically.
The moral hazard and adverse selection problems that plague push programs are illustrated by the U.S. Agency for International Development's (USAID) 1980s program to develop a malaria vaccine. During the USAID program, external evaluators suggested that additional funding should not be provided to two of the three research teams. However, as a result of information provided by the project director, USAID provided substantial new resources to all three teams and was sufficiently confident that vaccines would be developed that it even arranged to purchase monkeys for testing a vaccine. Two of three researchers diverted grant funds into their private accounts and were later indicted for theft and criminal conspiracy. The project director received kickbacks from the contract to purchase monkeys and eventually pleaded guilty to accepting an illegal gratuity, filing false tax returns and making false statements. In 1984, before the indictments, the agency claimed that there had been a "major breakthrough in the development of a vaccine against the most deadly form of malaria in human beings. The vaccine should be ready for use around the world, especially in developing countries, within five years" (Desowitz, 1991) . By the end of the project, USAID had spent $60 million on its malaria vaccine effort with few results. While the example is extreme, it \%idly illustrates the problems with push programs.
As an alternative to direct government financing of research, some have proposed R&D tax credits targeted to private research on drugs and vaccines needed by developing countries. However, such tax credits are subject to similar problems. Firms would have an incentive to relabel as much of their R&D as possible as eligible for the targeted credit. For example, if there were an R&D tax credit for a malaria vaccine, researchers might focus on a vaccine that would likely only provide temporary protection and would be suitable for travelers and military personnel spending only short times in developing countries, but not for residents of these areas. To take another example, modern vaccines typically include both antigens specific to a particular organism and adjuvants that potentially boost the effectiveness of several different vaccines. Firms would have every incentive to claim that an adjuvant intended for an ineligible vaccine was actually for a malaria vaccine, so as to claim a tax credit. Finally, R&D tax credits will not improve access to products once they are developed.
In contrast, under pull programs, the public pays nothing unless a viable product is developed. Pull programs give researchers incentives to self-select projects with a reasonable chance of yielding a viable product and to focus on developing a marketable product. Under pull programs, governments do not need to "pick winners" among R&D proposals-they simply need to decide what success would be worth to society and offer a corresponding reward. Moreover, appropriately designed pull programs can help ensure that if new products are developed, they will reach those who need them. One kind of pull program is a purchase commitment in which sponsors would commit to purchase a specified number of doses at a specified price if a vaccine meeting certain specifications were developed. Purchase commitment programs are discussed in Kremer (2001a , b), World Bank (1999 and Batson and Ainsworth (2001) , while shorter treatments of the idea in the popular press appear in Kremer and Sachs (1999) and Sachs ( 1 9 9 9 ) .~ An example of a purchase commitment would be for developed countries or private
An alternative push program design that has been proposed is to reward developers with extensions o f patents o n other pharmaceuticals. This would inefficiently and inequitably place the entire burden o f financing development o n patients who need these other pharmaceuticals. For example, giving a patent
foundations to commit to purchase malaria vaccine at $5 per immunized person and to make it available to developing countries either free or for a modest copayment.
A key limitation of pull programs is that they require specifving the output in advance. A pull program could not have been used to encourage the development of the Post-It IVoteo or the graphical user interface, because these products could not have been adequately described before they were invented. Similarly, pull programs may not work well to encourage basic research, because it is typically difficult to spec$ the desired results of basic research in advance. (Of course, some basic research outputs, such as proving Fermat's last theorem, can be defined in advance.) Simply rewarding the development of applied products is not a good way to stimulate basic research, since a program that tied rewards to the development of a specific product would encourage researchers to keep their results private as long as possible to have an advantage in the next stage of research. Indeed, a key objective of basic research is to provide information to other researchers, rather than to develop products, and grant-funded academics and scientists in government laboratories have career incentives to publish their results quickly. In contrast to unanticipated inventions, like the Post-It ~o t e @ , or to basic research, it is comparatively easier to define what is meant by a safe and efficacious vaccine, especially as existing institutions, such as the U.S. Food and Drug Administration (FDA), are already charged with making these determinations.
Nonetheless, if donor governments, international organizations or private foundations commit to purchase a future vaccine, the eligibility rules they set will be key. Eligibility conditions for candidate products would likely include some minimal technical requirements. These technical requirements could include clearance by a regulatory agency, such as the U.S. FDA, or a warier of regulatory approval in developed countries for products that would pass a risk-benefit analysis for use in developing, but not developed, countries. Products that pass these requirements might then be subject to a market test: nations wishing to purchase products might be required to provide a modest copayment tied to their per capita income, so that countries would have an incentive to investigate carefully whether candidate products are appropriate for their local conditions. This provision would also help to assure that limited donor funds are allocated well and would increase incentives for developers by increasing the payment offered to the successful developer. On the other hand, it could reduce the confidence of potential vaccine developers in the program. A purchase commitment could also include a system of bonus payments for products that exceed the minimum requirements. Eligibility conditions should also speciQ who will have authority to judge whether the eligiextension on Prozac for developing an Hn'vaccine could prevent some people from getting needed treatment for depression. bility conditions have been fulfilled. Ideally, these adjudicators should be insulated from political pressure through long terms of senice.
A well-written contract should also be credible to potential vaccine developers. Courts have held that similar public commitments to reward contest winners or to purchase specified goods constitute legally binding contracts and that the decisions of independent parties appointed in advance to adjudicate such programs are binding. For example, in the 1960s, the U.S. government pledged to purchase, at a minimum price, domestically produced manganese. After the world price of the commodity fell, the General Services Administration (GSA), the U.S. agency in charge of administering the program, attempted to renege, but U.S. courts forced the GSA to honor the commitment (Morantz and Sloane, 2001) .
The total market promised by a purchase commitment should be large enough to induce substantial effort by vaccine developers, but less than the social value of the vaccine. The larger the market for a product, the more firms will enter the field, the more research leads each firm will pursue, and the faster a product will be developed. Given the enormous burden of diseases such as malaria, tuberculosis, and HIV/AIDS, it is important to provide sufficient incentive for many researchers to enter the field and to induce major pharmaceutical firms to pursue several potential leads simultaneously so that products can be developed quickly. There is little risk that payments made as a result of a purchase commitment could exceed the cost of saving the equivalent number of lives using today's treatments.
Prior work by the author and others suggests that an annual market of $250 million to $500 million is needed to motivate substantial research (Kettler, 1999; Kremer, 2001b; Mercer Management Consulting, 1998) The purchase commitment approach has also attracted interest from policymakers internationally, including the United Kingdom's Chancellor of the Exchequer, the United Kingdom Cabinet Office, the German foreign minister, and the Dutch development minister (Brown, 2001; Elliott and Atkinson, 2001; PIU, 2001) . The World Bank president, James Wolfensohn, has said that the institution plans to create a $1 billion fund to help countries purchase specified vaccines if and when they are developed ("Discovering Medicines for the Poor," 2000). However, the World Bank has yet to act on this commitment. The Gates Foundation, with $22 billion in assets and a focus on children's health in developing countries and vaccines in particular, is also well-placed to forward a vaccine purchase commitment. While continuing to fund its other priorities, such a foundation could simply pledge that if a product were actually developed, the foundation would purchase and distribute it in developing countries.
Drug Regulation and Procurement
The case of rotavirus vaccine suggests that if developing countries simply rely on regulatory institutions in developed countries, decisions will not always be appropriate given the different benefit-cost ratios for particular pharmaceuticals in developing countries. On the other hand, the Kenyan and South African governments' endorsement of ineffective but domestically developed AIDS "cures" suggests that if individual developing countries without adequate domestic institutions make regulatory decisions, decisions may reflect politics and nationalism as much as health concerns. Since gathering information on drug safety and efficacy is an international public good, there may be a role for an international body to review developed country pharmaceutical approval decisions for relevance to developing country conditions and, where appropriate, to sponsor additional trials or issue alternative certification. The organization could make a recommendation on the appropriateness of the product for use in different circumstances, and each country could then decide whether to follow that recommendation. However, the World Health Organization has historically eschewed such a role, and it is not clear that it is equipped to act as a regulatory body. Like many other international organizations, the quality of WHO'S work sometimes suffers as member countries invest resources in seeking funding, contracts, or leadership positions rather than in trylng to improve the organization as a w h~l e .~ Milton Friedman (Friedman and Friedman, 1980) has suggested replacing pharmaceutical regulation and prescription requirements with a system of mandatory labeling and letting consumers make their own decisions on pharmaceutical use. While proponents of strict drug regulation point to disasters of premature approval, such as thalidomide, opponents argue that the health burden of regulatory delays in approving new drugs far exceeds the health costs of these wellpublicized disasters. It seems possible, for example, that the failure to proceed with the rotavirus vaccine in developing countries will cost millions of lives.
In my view, the justification for pharmaceutical regulation needs to be reconceptualized. Were the declared purpose of pharmaceutical regulation-to protect current consumers from unsafe and ineffective drugs-the main reason for regu-"or instance, in 1993, Hiroshi Sakajima was re-elected to head MWO amid allegations that Japan bribed developing nations to vote for the Japanese Director General (Crossette, 1998). lation, Friedman's (Friedman and Friedman, 1980) proposal would be appealing. I would argue, however, that the primary advantage of drug regulation is that it creates incentives for firms to conduct the randomized trials that provide information on product effectiveness for future consumers. The current regulatory system, in which products that have not undergone clinical trials cannot be sold legally, gives pharmaceutical firms an incentive to conduct these trials and to do so in a rigorous enough manner to pass muster with regulators. If new pharmaceuticals were available during trials, it may be difficult to preserve the integrity of the comparison group necessary for conducting randomized trials. Seen in this light, drug regulation denies current consumers the option of taking unproven drugs, but it provides future consumers with information about the drugs.
Since incentives from large rich country markets are sufficient to encourage testing, small poor countries may want to consider requiring labels that tell customers whether the product received regulatory approval, but not prohibiting sales of products for which approval had not been granted. On the other hand, the traditional justification for drug regulation may better apply in environments where consumers are often illiterate, deceptive advertising is difficult to regulate and tort law is weak. In such environments, replacing prohibition with labeling could potentially exacerbate misuse of pharmaceuticals. The best case for replacing drug regulation with labeling requirements could therefore be made in small developed countries, such as Australia or New Zealand.
Some have proposed posting information on all public pharmaceutical purchases on the Internet as a way to improve pharmaceutical procurement by developing country governments, and such a system has been tried in Brazil. This system has been advocated as a way to provide information to ill-informed public purchasers and strengthen their bargaining power, but posting prices could also facilitate collusion among suppliers to keep prices high. A better rationale for the system is that publicly posting prices could help reduce corruption in drug procurement, which is likely a bigger problem than collusion by sellers.
Conclusions
Pharmaceuticals have brought tremendous health improvements to developing countries. The international community could greatly increase these benefits by implementing systems to provide better access to existing pharmaceuticals and to manage their use, as well as by investing in the global public good of R&D on diseases that disproportionately affect the poor. Developing countries could redirect their health budgets away from salaries and toward cost-effective public health measures, such as vaccination and school-based control of intestinal worms, and could explore institutional reforms for health care delivery. Developed countries and international organizations could encourage differential pricing, allow more favorable tax treatment of appropriate drug donations, and encourage R&D and facilitate access to new products by committing in advance to purchase products needed in developing countries if and when they are developed.
